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Abstract 
This paper presents investigations on the effect of three different stages of fiber maturity (unripe, ripe and dried) 
on the physical, morphological and mechanical properties of betel nut husk (Areca catechu) (BNH). Density 
analysis, optical observation, moisture content and water absorption study were carried out to evaluate physical 
properties of BNH fiber. The fiber length and diameter were decreased with the increase of maturity stage from 
raw to ripe, while the density increased from raw to ripe. Mechanical properties of BNH fiber at different maturity 
were determined from single-fiber tensile tests where tensile strength, tensile modulus and elongation at break 
were found varied at each stages of fiber maturity. The difference in tensile strength of raw, ripe and dried BNH 
fiber is attributed to the structural changes in the plant cell wall during the ripening stage from immature to fully 
ripening stages. Modulus of natural fiber is also related to the lignin content in the fiber. Water absorption was 
found to be the highest for raw BNH fiber and the lowest water absorption was observed in dried BNH fiber. 
Highest moisture content was observed in ripe BNH fiber and the lowest was in dried BNH fiber due to moisture 
lost during fruit ripening. The diameter of lumen in raw BNH is larger than that of lumen of ripe BNH fiber, while 
dried BNH fiber showed more compacted structure of fiber. 
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1.  Introduction 
Betel nut is the fruit of Areca palm tree (Areca catechu), a species of palm, which is native of 
Malaysia and widely grows across Asia, Taiwan, and India [1]. Betel nut is often chewed with betel 
leaf, and lime; an ancient practice which has been carried throughout generations [2]. The fruit is in 
round or oval shape, with the color of golden yellow to orange. The betel nut husk (BNH) is the fibrous 
part of the fruit, which equals to approximately 60-80% of total volume and weight of betel nut.  
The husk part is the outer cover of the areca fruit [3].  The anatomy of betel nut husk can be divided 
into 3 zones. The outer layer is covered with cuticle, the middle layer is where the fiber is enclosed, and 
the hard and stony inner layer is the nut part [4]. 
The nut of betel nut fruits are covered with fruit shell or husk; where the husk for each fruit can 
produce approximately 2.50-2.75 g of BNH fibers [5]. The BNH fibers can be obtained via de-husking 
technique or by manually stripping the fibers from the husk part.  

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There are three different stages of fruit maturity for betel nut i.e. raw, ripe and dried. The raw fruit is 
green-colored and the husk and the nut part are soft. The ripe betel nut is often golden yellow in color 
and the husk contains more juicy liquid with quite spongy husk. When the ripe fruit becomes matured 
and turns dried, the husk of the fruit shifted to brownish color and the fiber became coarser. The 
chemical compositions of BNH fibers had also been discussed by several workers [5,6], which are 
presented in Table 1. The authors have reported that BNH consists of D-cellulose, hemicellulose, lignin, 
pectin and protopectin, ash and other materials.  
To this date, BNH fibers are finding use in fabrication of value added products such as cushion, hard 
boards, non-woven fabrics and housing insulation materials. However, there are still piles of 
unmanaged BNH left to decay on the field after harvesting which create bad-odor and landfill problems 
[7]. By emphasizing the waste-to-wealth concept, agro-wastes from betel nut harvesting could be 
employed as reinforcement in fabricating natural fiber reinforced polymer composites. These agro-
wastes naturally degrade in soils, resulting in fully biodegraded natural fiber reinforced polymer 
composites and extremely low in cost. Thus, this research aims to study on the physical and 
morphological properties of betel nut husk agro-wastes to determine the suitability of betel nut husk 
fiber as reinforcement in polymer composites. 
Table 1. Chemical composition of betel nut husk fiber [5]. 
Composition Average amount (%) 
Į- cellulose 
Hemicellulose 
Lignin 
Fat and wax 
Ash 
Other materials 
53.20 
32.98 
7.20 
0.64 
1.05 
3.12 
2.  Experiment 
2.1. Materials 
BNH fibers were obtained from locally grown betel nut plantation in Banting, Selangor, Malaysia. 
2.2. Preparation of BNH fibers 
Betel nut fruits were soaked in water at room temperature for 5 d to loosen the fiber. The BNH fibers 
were separated manually from the nut part by hand stripping method and washed thoroughly with 
distilled water before drying in oven at 70 qC for 24 h. The dried BNH fibers were kept in desiccators 
to keep the fibers from the moisture from the atmosphere 
2.3. Determination of fiber density 
BNH fiber density was obtained using mathematical equation by dividing mass over volume. 
Powdered BNH fiber was filled in a container with a known dimension. The weight of the container 
was weighed and recorded as M0 and BNH filled container was weighed and labeled as M1. The volume 
of the container is measured by multiplying height, width and depth of the container. The density of 
BNH fiber is obtained using Equation (1): 
V
MM 013 )(g/cmDensity          (1) 
Where M0 = Weight of container, M1 = Weight BNH fiber filled container, V  = Volume of container 
2.4. Fiber diameter and length measurements 
The diameter of BNH fiber was determined using an optical microscope model Zeiss and the length of 
BNH fiber was measured using digital caliper. 15 BNH fiber samples were measured and the average 
of diameter and length of the fiber were evaluated. 
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2.5. Determination of moisture content 
The moisture content of BNH fiber was obtained by weighing BNH fiber and the initial weight of 
the fiber was recorded as (M0) before the samples were oven-dried at 105 ºC for 24 h. The BNH fibers 
were weighed again and recorded as (M1). The moisture content was determined using equation as 
follows: 
100(%)content  Moisture
0
01 u 
M
MM        (2) 
where M0 is the initial weight of BNH fiber and M1 is the weight oven-dried BNH fiber. 
2.6. Water absorption  
Water absorption was determined after immersion of the samples in water at room temperature for 
24 h. Five specimens from each sample were weighed before and after immersion of BNH fiber. Water 
absorption was determined using following equation: 
100(%) absorptionWater 
0
01 u 
M
MM        (3) 
Where M1 is the mass of the sample after immersion (g), and M0 is the mass of the sample before 
immersion (g) 
2.7. Tensile testing 
The tensile properties of BNH fibers were measured using Instron 5566 machine with a gauge length 
of 20 mm. The tensile test was conducted based on ASTM D 3379 standard. The BNH fiber was glued 
on a cardboard sample holder and tested at a cross-head speed rate of 1 mm/min with a 10 kN load cell. 
A minimum of 15 samples was tested in each type of fibers. 
2.8. Optical and morphological observation 
The morphological study on fracture composite surfaces was observed using a ZEISS model 
instrument scanning electron microscope and the optical observation of BNH fiber was conducted using 
a ZEISS model optical microscope. 
3.  Results and Discussion 
3.1. Physical properties of BNH fiber 
The physical properties of BNH fiber of different maturity were studied and presented in Table 2. 
The length and diameter of the BNH fiber were found to vary at each stage of maturity where the length 
of raw BNH fiber was observed to be longer than that of ripe and dried BNH fiber. The BNH fiber 
length was found to decrease as the betel nut fruit ripen from raw to the dried form. The diameter of the 
fiber follow the same trend as the fiber length, where the diameter of BNH fiber were found to decrease 
from raw to ripe stage, but at dried stage the diameter of the BNH fiber is significantly smaller than that 
of raw and ripe BNH fiber. The variation in length and diameter of BNH fiber can be related to the 
dimensions of individual cells in natural fiber, which is strongly dependent on the maturity of the    
plant [8].  
Table 2. Physical properties of raw, ripe and dried BNH fiber 
Type of BNH 
fiber 
Fiber length 
(cm) 
Diameter (mm) Density 
(g/cm3) 
Raw 
Ripe 
Dried 
5.7 
5.5 
4.9 
0.47 
0.45 
0.41 
0.19 
0.34 
0.38 
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The density was also influenced by the maturity stage of BNH fiber. It can be seen from Table 2 that 
the density of BNH fibers increased with the increase of fiber maturity from raw fiber to dried fiber. 
According to Mueller and Krobjiwosky [9], density of natural fiber is commonly low which is 
attributed to the lumen in natural fiber structures. Lumen is hollow-like tube structures in natural fiber 
that provides reduction of fiber density.  
The density of raw BNH fiber was the lowest as compared to the ripe and dried BNH fiber. This is 
due to the structure lumen in raw BNH fiber, where the diameter of the lumen in raw BNH fiber is 
bigger than that of lumen in ripe BNH fiber. The difference between the size of lumen of raw and ripe 
BNH is attributed to the maturity of the fiber where the raw BNH fiber is still at early stage of growth. 
It is reported that fiber structures changes with the maturity of the plant in order to provide the needs of 
the plant cells during the growing process by absorbing water and food for the plant.Hence, the lumen 
size of raw BNH fiber is larger as this absorbing process is very active at early growing stage to ensure 
more water and food were absorbed to the plant [10]. SEM micrographs in Figure 1 revealed the 
difference in lumen size of raw, ripe and dried BNH fiber where the diameter of lumen in raw BNH is 
larger than that of lumen of ripe BNH fiber. On the other hand, dried BNH fiber showed more 
compacted structure of fiber and no lumen were observed on the cross section micrograph of dried 
BNH fiber. 
(a) (b) (c) 
Fig. 1. SEM micrographs of cross section at fracture surfaces of (a) raw BNH fiber (b) ripe BNH fiber and (c) dried BNH fiber at 
2000u magnifications. 
3.3. Water absorption 
Water uptake behaviors of raw, ripe and dried BNH fiber were presented in Figure 2. It can be 
observed from the figure that the water uptake was at the highest for raw BNH fiber, followed by ripe 
BNH fiber and the lowest water uptake behavior was observed in dried BNH fiber. The water uptake 
behavior of BNH fiber is strongly influenced by the size of lumen in the fiber, which have been showed 
previously in Figure 1.  Raw BNH fiber with bigger lumen size enhanced the ability of the fiber to 
absorb more water compared to ripe BNH fiber with slightly smaller and elongated lumen. The dried 
BNH fiber showed lowest water uptake due to the compacted structure as showed in Figure 1 (c), which 
prevent water penetration into the fiber. 
 
Fig. 2. Water absorption of raw, ripe and dried BNH fiber. 
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Besides, the cellulose content in the fiber also influences water absorption in natural fiber where 
water absorption increased with the increase in cellulose content due to the increase in amount of free 
hydroxyl groups [11]. A study by Rajan et al. [6] have reported that the hemicellulose and lignin 
content of the BNH fiber varies with the maturity of the betel nut fruits where mature betel nut fruits 
contain less cellulose but increasing lignin content in their fiber. Hence, this explained on the low 
moisture absorption of dried BNH fiber, which will benefits in dimensional stability of BNH fiber upon 
incorporation of the fiber as reinforcement in polymer composites. 
3.2. Moisture content 
Figure 3 shows the moisture content of BNH fiber at each maturity level. It can be depicts from 
Figure 3 that the moisture content of BNH is varied for raw, ripe and dried fiber. Interestingly, the 
moisture content of the BNH fiber at ripe stage was found to be the highest of all three types of fiber, 
and dried BNH fiber was observed with the lowest moisture content. On the other hand, raw BNH fiber 
contained slightly lower moisture content than that of ripe BNH fiber. The variation in moisture content 
of these three types of fibers is related to the fact that the increase in moisture content in the plant fiber 
is proportional to the ripening process of the fruit [6]. However, upon fruit ripening, the moisture 
content of the fruit fiber will subsequently decreased due to sun drying, hence explaining the lower 
moisture content in dried BNH fiber. Moisture content is one of important parameters that should be 
considered in choosing natural fiber for reinforcement in polymer composites. Moisture content of 
natural fiber determines the dimensional stability, electrical resistivity, tensile strength, porosity and 
swelling behavior of natural fiber reinforced composites [12]. Therefore, low moisture content of dried 
BNH fiber is favorable in fabricating BNH fiber reinforced polymer composites with high dimensional 
stability. 
 
Fig. 3. Moisture content of raw, ripe and dried BNH fiber. 
3.3. Tensile properties of BNH fiber 
Figure 4 indicates typical stress-strain curves of raw, ripe and dried BNH fibers of 20 mm length and 
cross-head speed of 1 mm/min. The curves for raw, ripe and dried BNH fiber showed ductile fracture, 
where the stress-strain curves started with an initial linear region followed by a smooth curved portion 
without a definite yield point. This type of curves is commonly influenced by the viscoelastic nature of 
natural fiber [13]. Area under the stress-strain curves represent the energy absorbed by the BNH fiber in 
the fracture process during tensile testing.  It can be seen that the area under the stress-strain curve of 
ripe BNH fiber is larger than the corresponding raw and dried BNH fibers. The larger strain and lower 
initial slope of the stress-strain curve of ripe BNH fiber suggested that ripe BNH fiber exhibits 
improved ductile behavior than raw and dried BNH fibers. 
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Fig. 4. Stress-strain curves of raw BNH, ripe BNH and dried BNH fiber. 
Tensile strength, Young’s modulus and elongation at break of raw, ripe and dried BNH fiber were 
presented in Table 3. It can be observed from Figure 4 and data in Table 3 that the ripe BNH fiber 
possessed the highest tensile strength, followed by dried BNH fiber while the lowest tensile strength is 
shown by raw BNH fiber. However, the difference of tensile strength between raw BNH fiber and dried 
BNH fiber is not significant. According to Reddy and Yang [8], tensile strength of natural fiber is 
governed by many factors such as cellulose content, ratio of length to diameter (l/d), and microfibrillar 
angle. A possible explanation for lowering in the tensile strength of raw and dried BNH fiber could be 
related to the low l/d ratio of raw and dried BNH fiber where both raw and dried BNH fiber exhibit the 
low l/d ratio than that of l/d ratio of ripe BNH fiber.  
Table 3. Tensile strength, Young’s modulus and elongation at break of raw, ripe and dried BNH fiber 
Type of fiber Tensile strength (MPa) Young’s Modulus (MPa) Elongation at break (%) 
Raw BNH fiber 
Ripe BNH fiber 
Dried BNH fiber 
123.93 
166.03 
128.79 
1285.66 
1381.32 
2569.03 
22.56 
23.76 
23.14 
Based on the variations in the Young’s modulus of raw, ripe and dried BNH fiber presented in  
Table 3, dried BNH fiber showed the highest Young’s modulus value of all types of BNH fiber. This 
results are in accordance with the findings in studies on the effect of ripening stages on the tensile 
properties of tomato fruit skin carried by Bargel and Neinhuis [14], where the Young’s modulus of the 
tomato fruit skin were found to increase with the increased of the ripening stage from immature to the 
fully ripe stage. They have reported that the proportional increase in the stiffness of the fruit skin with 
the increase in ripening stage was attributed to the structural changes in the plant cell wall during the 
ripening stage from immature to fully ripening stages. Modulus of natural fiber is also related to the 
lignin content in the fiber where higher lignin content is reported to impart more stiffness and 
brittleness effect to the natural fiber [15]. The effect of lignin on the modulus of BNH fiber is also 
supported by a study by Rajan et al. [6], where they have reported that the lignin component in BNH 
fiber increased in matured betel nut husk and had found that increasing lignin content had decreased the 
flexibility of the BNH fiber. Hence, the increase in the modulus from raw BNH fiber to ripe and dried 
BNH fibers can be related to the increase of lignin content in the BNH fiber during maturing process of 
the betel nut fruit fiber.  Elongation at break of natural fiber is also often associated with the lignin 
content of the fiber where low lignin content showed higher elongation at break of natural fiber. The 
results in this study showed the same trend where ripe BNH showed the highest elongation at break, 
followed by dried BNH fiber and the lowest elongation at break was shown by raw BNH fiber.  
3.4. Morphology of BNH fiber 
The SEM micrographs of raw, ripe and dried BNH fiber surface are shown in Figure 5. It can be 
observed from the SEM micrographs that there are many crates-like structures filled with white 
particles that were well distributed on BNH fiber surface. According to studies conducted by Nirmal    
et al. [16], these structures are known as trichomes. The presence of thrichomes on BNH fiber surface 
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was reported to enhance the interfacial adhesion between BNH fiber and polymer matrix in polymer 
composites via mechanical interlocking mechanisms [17]. 
It is shown from Figure 5 that raw BNH fiber surface contained less thrichomes as compared to ripe 
and dried BNH fiber. There are also some noticeable gaps existed between each thrichomes. On the 
other hand, the surface of dried and dried BNH fiber were consist of more thrichromes, which were 
fully distributed on the fiber surface, and only slight gaps were observed between the thrichomes. The 
increase in amount of thrichomes on ripe and dried BNH fiber surfaces have enhanced more possible 
sites for mechanical interlocking between fiber and matrix, had suggesting that these types of fibers are 
suitable as reinforcement in polymer composites. 
 
(a) (b) (c) 
Fig. 5. SEM micrographs surfaces of (a) raw BNH fiber (b) ripe BNH fiber (c) dried BNH fiber at 800u of magnification. 
Mechanical interlocking is one of the bonding mechanisms that occur between fiber and polymer 
matrix in fiber reinforced polymer composites. The mechanism of mechanical interlocking involved 
penetration of polymer matrix into porous fiber surface. The polymer matrix will flow into the porous 
fiber surface and the embedded polymer will solidify in the pores and become inextractable [18]. 
Therefore, increase amount of thrichomes in BNH fiber will increases in surface roughness of the fiber 
and resulting in better mechanical interlocking between fiber and polymer matrix which will enhance 
the mechanical strength and modulus of fiber reinforced polymer composites. 
4.  Conclusion 
Mechanical and physical properties of BNH fiber were influenced by maturity level of the betel nut 
fruit due to development of the structures of betel nut fiber during the maturing process. Tensile 
properties and water absorption of BNH fibers were also determined by the cellulose and lignin content 
of BNH fiber, which changes from raw to ripening stage. Ripe BNH showed good tensile strength and 
elongation at break, which makes ripe BNH a good choice for reinforcement in polymer composites. 
Dried BNH fiber exhibited highest Young’s modulus but a slightly low tensile strength and elongation 
at break as compared to ripe BNH fiber. Low moisture and water uptake of dried BNH fiber are merits 
for application that favors high dimensional stability. Raw BNH fiber showed the lowest tensile 
properties and dimensional stability but with a very low density which is suitable for lightweight 
applications.  
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